
4.•
Cucurbit Virpses: The Classics- and the Emerging

•fJ;	 .,	 .	 '	 ..
INRA, Station de Path'ologie Vegetale,Domaine Saint Maurice, BP 94, 84143 Montfavet cédex, France
- -	 Gail Wisler

USDAARS, U.S. giiultiira1Research Station, 1636 E. Alisal Street, Salinas, CA 93905

V	 V 	
Michel Pitrat

Vt	

V

INRA, Station de Genetique et d Amelioration des Fruits et Legumes, Domaine Saint Maurice

	

BP 94, 84143 Montfavet cédex, France	
V

JI	 -	 -	 --	 -	 -.	 •V	
) 	 ...i,..

ADDITIONAL INDEX WORDS. cucumber, melon, squash, watermelon, cucumovirus, potyvirus,
.ir.: crinivirus, geminivirus, aphid, beetle, leafhopper, thrips, whitefly, nematode, fungus, vector,

	

..resistance	 -	
V 	 V 	

V	 !fj.

• ''	 ABSTRACT. Viral diseaes caue important eonorl ic lo'sses iiJifiiurbit crops throughout the
-. world. In the major growing regions, cucurbit viruses represent a complex and changing

pathosystem. Several viruses often develop, concorni tan tly or, successively, severe epidemics 	 -
• 	 V 	 within a single crop. Among the 35 well-characterized viruses infecting cultivated Cucurbitaceac

	

•'j	 . 'V4CJ	 .	 '4	 '	 '	 I.some have been knowIn f
'
 or a

V4 
long ti -ime.. (the, classics) while

•	
. others'

 have been spreading and

	

V	 -	 •--..,.	 -.causing serious damage only, recently (the 'emerging'). 'A brief désc'ription is provided for each
of these viruses along with their distiibijtion, anddiscusion of thethreat they pose to cucurbit
crop production. The availabilityVof resistances to-  tlieévi ruses: in the four major cultivated
cucurbit species (cucumber, melon, squash and watermelon) is also discussed.. 
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ucurbit crops are affected b' a great ,aAted witdiffereit types of deformations leaf sue
number of viral diseases more than 35	 reduction,-ugosity,1acinationsorenations Fruits
wcll-characterizcd viruses bclongmg to may also develop a range of discolorations and

V the major plantvims groups have been found dfdrrhàtibn rendeirig Vthm nmarketab1e 2)
I	 hf.	 V•V•iV	 r	

-•' Itnaturally infecting cultivated Cucui bltaeae (Brunt	 elIows affecting generally the older leaves, but
etal., 1996; Lovisolo, 1980; Provvidenti, 1986; Prov- 	 eventually all th leaves may be yellowed, often
videnti, 1996)' This virus diversity results in part 	 accompanied by leaf thickening. Fruit production
from the genetic and ecological diversity of their may be significantly rdued, but fruit quality is
cucurbit hosts There are more than 10 cultivated,generally not affect el 3) Necrosis either , as 1ne-
cucurbit species, and for each species there are I, 

crotic spots of diffent sizes on leaves or as a
many distinct landraces or cultivars Also, cucur- 	 geiieralized necrosis that eventually causes the
bits are grown throughout tHe world in -a great pint to ±e Fruits generally do not reach maW-C.
variety of agroecosystems ranging from, the highly rity, and may also develop necrotic symtornsIt -
sophisticated soilless! ciicumbeiprö'duction in Necrotic- 	 smetimes ocir'on1y in er-

1V 1heated glasshouses of NoitherxEurope to' 	 tn' virus stiath/hot cultivar combinations,'es-
more traditional rainfed cultivation of watermelon 	 pecially with potyviruses Often, in the fields,
in the Sudano-Sahelian region of Afria- These '
various environments may provide	 ir less 'to' aiOr of these thre'e'thajoftj' of..)1.	 )	 '	 r	 'favorable conditions for specific viruses- or forsymptoms . 	 V
their vectors	 -' r r	 'Pobably, more than fol. an' other crops or

Typical viral symptoms in cucurbitgenerally 	 thgens, cucurbit viruses constitute a comp
fallfall within three major categories (Blancard et al, 	 and changing pathosystem This 'vas very well
1991) 1) Mosaics on leaves that are often associ- enphsuedin the publicihon of Nametht al
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J(1 986) entitled 'Cucurbjt viruses of California: an
ever-changing problem,' which analyzed the dy-

.namic changes, within a few decades, of the eco-
-r nomicaJly important viruses occurring in Califor-

nia. This title could be applied to many other
•icucurbjt production areas around the world. As
.ran illustration, in a comprehensive and detailed
• review on cucurbjt viruses, Lovisolo listed, in

1980, 23 viruses naturally infecting cultivated en-
curbits in the world. Since then, at least 16 'new'

wiruses have been described that infect cucurbits,
some of which are widespread and may cause
major yield reductions, while others remain re-
stricted to limited geographical regions or to spe-
cific cropping systems.
-. Some of these 'new' viruses were probably
present in cultivated cucurbits for a longtime, but
remained unnoticed because theirsymptoms were
masked by other viruses or were attributed to
other causes (mainly nutritional or physiological
disorders). This probably applies to cucurbit aphid
borne yellows virus (CABYV), a widespread
luteovirus causing yellowing symptoms on the
older leaves of the plants. CABYV was first iden-
tified in 1988, but it was later found to have been
very common in samples that had been collected
in 1982 (Lecoq et al., 1992).

Others of these new viruses may represent
typical 'emerging' viruses. Some became sud-
denly widespread because they followed the rapid
increase and dissemination of their natural vec-
tors. The geminiviruses or criniviruses which are
transmitted by the whitefly Bemisia fabaci (Wisler
etal., 1998) area good example of this type of 'new'
virus. The situation of zucchini yellow mosaic
virus (ZYMV) is probably unique in cucurbits
(Desbiez and Lecoq, 1997). This potyvirus, trans-
mitted by manyaphid species in a nonpersistent
manner, was described in the mid-1970s as occur-
ring' locally in Northern Italy. Within a decade,
ZYMV had spread to all the major cucurbit grow-
ing areas in the world. The seemingly rapid spread
Of ZYMV occurred by means that are still un-
known. The spread of ZYMV cannot be related to
an extension of the distribution area of its aphid
vectors which were already prevalent wherever
cucurbits were grown.	 (

Cucurbit virus control strategies are based on

the implementation of prophylactic measures
mainly aimed at preventing or delaying virus
spread by their vectors, and on the use of resistant
cultivars when commercially available. For vi-
ruses transmitted by airborne vectors, control
measures include the use of healthy seeds, protec-
tion of nurseries from insect vectors, weed eradi-
cation as a means to eliminate virus or vector
reservoirs before planting, plastic mulch, and cov-
ering the plants with insect-proof nets or floating
covers. Control measures for viruses transmitted
by soilborne vectors include the use of healthy
seeds, soiFsterjljzatjon and fungicide addition to
nutrient solutions. Disinfection of pruning or har-
vesting tools prevents dissemination of mechani-
cally transmitted viruses (Blancard et al., 1991).

The use of virus-resistant cultivars is probably
the easiest way to control viral diseases at the
farmer's level. Breeding for resistance still mainly
relies upon germplasm evaluation and introgres-
sion of the resistance gene(s) into commercially
acceptable c 'ultivars. In recent years, biotechnol-
ogy has emerged as a new means for creating
virus-resistant cultivars. It is significant to note
that squash cultivars resistant to ZYMV and wa-
termelon mosaic virus 2 (WW2) were the first
virus-resistant, transgenic plants to be commer-
cially cultivated in the U.S. (Medley, 1994; Tricoli
et al., 1995).

In this paper we will describe briefly the major
viruses infecting cucurbits with a special empha-
sis on these 'new' viruses potentially or actually
causing major problems in the fields. The viruses
will be presented according to their vectors and to
their taxonomic position (Table 1). Resistancegenes
or resistance sources will be indicated when avail-
able for the four major cultivated cucurbit species
Cucumjs melo (melon) (Table 2), Cucumjs sativus
(cucumber) (Table 3), Citrullus lanatus (water-
melon) (Table4),Cu5urbita pepo 

(squash) (Table 5).
Due to the abundance , of the literature on

:ucurbjt viruses, and resistances to these viruses,
we will refer as much as possible to general re-
views or books from which more detailed refer-
nces can be obtained. Information on individual
Tirues was obtained from Brunt (1996), Lovisolo
1980), Provvidentj (1986), and Provvidenti (1996)
inless stated otherwise. Information on resistances
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East	 -
North America	 wide	 wid..

worldwide
	 wide	 wide

worldwide
	 wide

North America	 wide
Red Sea region intermediate

Sultanate of Oman narrow

worldwide	 wide

worldwide	 wide

Italy, Grece
	 wide

worldwide
	 wide -

worldwide
	 wide

worldwide
	 wide

Iran
	 intermediate
—

wide

narrow
unknown

none

intermediate

wide

wide
•wide

wide
wide

wide	 -

was obtained from Pitrat (1998), Provvidenti (1986), symptomatOlOgY host range, virulence towards
Provvidenti (1990), Provvidenti (1993), Provvi-	

resistance genes, aphid transmissibility. Strains
denti and Harpton (1992), and Welmer (1997) producing white or yellow mosaic symptoms can

unless státedotherwise.	
be very useful for rapid differentiation of suscep-

-'	 -	 tible plants in screening tests for resistance..
_Viruses tranmitted by aphids 	 CMV, the first mosaic disease reported in

•	 CUCUMBER MOSAIC CUCUMOVIRUS 
(criv). CMV is cucurbits in the U.S., has been known since the

a small isometric virus with particles circa 29 nm beginning of the 20
1 century. CMV causes very

• in diameter, which is very efficiently transmitted severe economic losses in melon, cucumber and
by more than 60 aphid species in a nonersisteflt squash, but is rarely encountered in watermelon.
-manner. CMV has a divided genome constituted CMV induces plant stunting and mosaic, size
''CMV has -reduction and distortion of leaves. Symptoms on
bf three single stranded RNA molecules; 
a broad host range, infecting more than 77

t species in more than 86 	

5 differ- fruit are discolorations and occasionally deforma-
en different families. Two - tions. CMV is still probably one of the most corn-
major subgroups (type I and type II) have been mon viruses infecting cucurbits worldwide, espe-
differentiated according to serological and mo- cially in temperate or Mediterranean climatic con-

lecular properties. A diversity of strains of the 	
ditions. In tropical or subtropical regions, CMV is

virus has been described differing in less frequent in cultivated cucurbits although it

Table I Major viruses infecting cultivated Cucurbitaceae: means of spread, geographical distribution and host

range.
Host range

First Meansof

Genus and virus report spread	 Distribution Cucurbits NoncucurbitS

Carmovirus
Cucumber lefpot irus; CLSV	 1982	 fungi, sceds	 'Europe	 wide	 wide

Cucumber soil-hbrnc virus, CuSBV 	 1983	 fungi	 lbanon	 wide	 wide

worldwide	 wide	 narrow
Melon necrotic spot virus, MNSV	 1966	 fungi, seeds, contact 

Comovirus	 .	 -
Squash mosaic virus,Sq4V	

L1941	 beetles *, scedS, contact worldwide
	 wide	 narrow

Crinivirus
Beet pscudo-ycllo"S virus, BP 	 1965	 vhitcflics	 wide	 wide

Cucurbit yellow stunt disorder virus, CYSDV 1982	 whiteflies	 Mediterranean intermediate 	 narrow

	

-	 Basin, Middle

Lettuce infectious vellows virus, LtYV	 1982	 whiteflies

Cucumovirus - .
Cucumber mo saic ,i i!us , CMV	

-	 1916	 aphids, (seeds ?)

Geminivirus, subgroup 11 -•	 •'
Beet curls' top virus, BCTV . 	 •-	 I909	 leaflioppers

Geminivirus, subgroup III
Squash leaf curl virus, SLCV	 '"	 1983	 whiteflis

Watermelon chlorotictuU virus, WCSV	 '1987	 'hitef1is

Ipomovirus	 '	 -	 -
Squash yellow leaf curl virus, SYLCV 	 - 1998	 whitcIlies

Lureovirus
Cucurbit aphid borne yellows virus, CABYV

Nccrovirus
Tobacco necrosis virus, 1 NV

Nepovirus
Artichoke yellow ri ngspOt virus, AYRSV
Tobacco ringspOt virus, TRSV
Tomato black ring virus, TBRV
Tomato ringSpot virus, ToR.SV

OurmiaviruS
Melon Ourmia virus, O0MV

1992	 aphids

1935	 fungi

1973 • nematodes (?)
1927 -nematode, seeds
1946 - nematodes,
1936 nematodes

1988 unknown
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worldwide
Taiwan
worldwide,
tropical and
subtropical
Nigeria

Africa and
Mediterranean
Basin
worldwide,
temperate and
Mediterranean
Mediterranean
Basin
worldwide

Mediterranean
Basin

Europe, Asia

Canada

Asia, Brazil

narrow	 wide
wide	 intermediate

wide	 narrow
wide	 wide

wide	 narrow

wide	 wide

wide	 narrow

wide	 intermediate

narrow	 wide

wide	 narrow

wide	 wide

wide	 wide

Costa Rica	 unknown	 unknown
Red Sea region intermediate 	 narrow

Middle East	 wide	 narrow
Brazil	 wide	 wide

may be found in weeds or other crops nearby
(Quiot et al., 1983). Differences in the type of
spread may occur in different cucurbit species:
CMV epidemics were observed to be very rapid in
Southern Europe and generalized in melons crops
while in zucchini squash they were often slow to
develop and limited to a few plants.

There have been some reports of seed trans-
mission of CMV in cucurbits, but this is appar-
ently rare and it is probably of little importance on
virus epidemiology in crop production. The abun-
dance and diversity of weed reservoirs and aphid
vectors for CMV are probably responsible for the
early appearance of the virus in cucurbit crops.

CMV diagnosis can be easily achieved within
one to few days through two means. 1) Biological
assays using local or systemic infections of Vigna
unguiculata, or systemic infection of Nicotiana

tabacum are easily done and do not require highly
sophisticated facilities or equipment. 2) Classical
serological methods such as the double antibody
sandwich variant of the enzyme linked immun-
osorbent assay (DAS-ELISA), or the immunodif-
fusion test with sodium dodecyl sulfate (SDS-ID)
(Clark and Adams, 1977; Purcifull et al., 1988) are
also relatively easy to perform. DAS-ELISA diag-
nostic kits are commercially available for CMV
(They include polyclonal or monoclonal antibod-
ies necessary for differentiating strains of the two
subgroups of CMV).

Various levels of resistance to CMV are present
in some cucumber, melon and squash commercial
cultivars. Resistance to CMV transmission by one
of its major vectors, Aphis gossypii, has been intro-
duced into commercial melon cultivars. This re-
sistance is also efficient against potyviruses and to

Table 1. Continued.

First Means of
	

Host range
Genus and virus
	

Distribution Cucurb its Noncucurb its

Poryvirus
Clover yellow vein virus, CIYVV	 1965	 aphids
Melon vein-banding mosaic virus, MVBMV	 1993	 aphids
Papaya ringspot virus, PRSV	 1949	 aphids

Telfairia mosaic virus, TeMV
Watermelon mosaic virus Morocco strain,
'WMV-M

Watermelon mosaic virus 2, WMV 2

Zucchini yellow fleck virus, ZYFV

Zucchini yellow mosaic virus, ZYMV
1thabdo'irus

Cucumber toad-skin virus, CTSV

Tobamovirus
Cucumber green mottle mosaic virus, CGMMV

Tombusvirus
Cucumber necrosis virus, CNV

Tospovirus
Watermelon silver mottle virus, WSMV

'fvmovirus
Chayotc mosaic virus, ChMV
Melon rugose mosaic virus, MRMV

Unassigned viruses
_Cucumber vein yellowing virus, CVYV
Squash necrosis virus, SqNV

1975	 aphids, seeds

1974	 aphids

1954	 aphids

1981	 aphids

1981	 aphids, seeds, contact

1982 unknown

1935	 contact, seeds

1959	 fungi, contact

1982	 thrips

1997 unknown
1981	 unknown

1960	 whiteflics
1983	 fungi
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r Table 2.Vir'us and vector resistance in melon (Cucurnis melo).	 0	 —

- 	 -

Virus or , 	 Resistance	 Genetic	 Strain	 Commercial

vectdr'	source,	 '	 - control	 specificity	 cultivarsz

	

t	 . ),-''t

Carmovirus
MNWrn '•r1 1(;uifstcn	 \	 .	 nfl,	 . no	 yes

(	 .	 ..• r P1 161 375
• Crinivirus i	 ,_	 r •,•-	 .	 -

CYS1),V1	 . IGR 1551 ,	 .	 Monogcnic dominant	 unknown	 no

LIYV -	 V001 P1 313970, MR-] 	 unknown	 unknown

Cucimo'iru	 . .	 4	 1'	 I' 11(J	 'Al.

-CMV	 .ç Frccmah's Cficumbcr. • 1 	 Oligogenic recessive	 yes	 few

•	 •.	 .	 .	 P1161375
Lutcovirus

CABYV	 P1 124112 ' '	 '. h-1 and ab-2	 unknown	 no
-. 111414723, 11 1 255478	 .,,	 unknown,;,'.	 .	 -	 unknown

Potvvirus	 0•

PRS\'	 111 180280	 •	 Pn"	 no	 yes

P1180283	 Pnr'	
'I	

yes
- 111 124112 ........-	 -	 Mnogenic . dominanf .	 unkno;'n

WMV2 .,	 -, 111 414723,.	 •, Wrnr	 yes	 no

WMV-M	 WMR 29	 unknown	 unknown	 \'Cs

ZYFV	 r	 P1 414723 -	 r uno\vn	 ' unknown	 no

ZYMV	 P1 414723	 Zwn	 yes	 no

111414723	 Oligogenic dominant	 unknown

Tobamovirus
CGMMV
	

Phoot, Kachri	 -
	

— - Polvgenic recessive
	 - - unknown

	 no

Tvmovirus 1

..	 MRMV-1	 r. \V1'1R29	 li	 unknos'n	 A
	 unknown	 yes -

Virus vector
A.gos.cvpii	 P1161375	 Vat	 .	 no	 yes

'I
11414723	 Ag	 no

Itesistaiiecs in commercial cultivars are not always derived from sources dtscribed in rite literature.

Table 3. Virus resis'iance in cucumber,(Cucurnis sativus)..

Resistance	 ,	 Genetic	 . , .	 Stiain	 Commercial
Virus	 source	 ..	 control	 specificity -	 cultivarsz

Cucumovirus
CMV
	

Tokyo Long Green
	

Oligogeni(3 genes?)
	

no	 yes
Ch l nesc 1,61 19 -
	 Oligogenic	 no

Taichung 5 M6u Giia	 unknown	 unknown

Ltitcovirus	 Al '0	 It-a

CABYV
	

Taichung MouGua	 unknown	 unknown	 no

Poryvirus
I'RSV
	

Surinam	 wrnv-] -1 (=prsv)
	 unknown	 yes

'1'aihung'MouGua
	

Prst'-2
	 uiikiios'n

WM\'2
	

Kyoto 3-feet
	

Wrnv
	 unknown	 yes

Taichung Mou Gua	 117nzv-2 and ,vrnv-3
	 unknown

\VMV-M
	

Taichung Mdu Gu'a 	 rnwm
	 tiiknossn	 no(,)'

(similar or linked to zvm)

ZYFV
	

Taichung Mou Glac
	 zyf'	 no	 no (?)

(similar or linked to z),rn)
ZYMV	 Taichung Mou Giia	 z';n	 -	 S

	 yes

Tobaniovirus
CGMIv1V	 Natsufushinari 	 .	 unknown	 unknown	 Ito

No group
CVYV	 unknown	 unknown	 unknown	 yes -

'Resistances in coninicrcial cultivars are notalways derived fl-nm sources described in the literature.
'Sonic citltivars that arc resistant to ZYMV itilelit 1151) be resistant to ZYFV and 	 MV- M due to the close linkage between eon, zvf and ,nii';n genes.
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a lesser extent against CABYV. Biotechnology has
provided new opportunities to diversify resis-
tance mechanisms to CNN. Significant levels of
resistance to CMV have been obtained in squash,
melon and cucumber using the coat protein medi-
ated resistance (Fuchs et al., 1997; Gonsalves et al.,
1992). Another promising strategy uses ribozymes
which are small RNA molecules that possess spe-
cific cleavage activities on target RNAs. Ribozymes
directed towards sequences coding for the CMV
coat protein have proved to be effective in protect-
ing melons against several strains of the virus
(Plages, 1997).

Pol-YviRusEs. Several distinct members of the
Potyvirus Genus infect cultivated cucurbits. Three
of them, papaya ringspot virus (PRSV), WMV2
and ZYMV have a worldwide distribution, and
cause important yield reductions in ;meloñ, cu-
'cumber, squash and watermelon.. Other
potyviruses have either a restricted geographical
distributions, for example watermelon mosaic
virus Morocco strain (WMV-M), zucchini yellow
fleck virus (ZYFV), and melon vein banding mo-
saic virus (MVBMV), or a wide geographical dis-
tribution but have little overall economic effect on
yield, for example clover yellow vein virus
(C1YVV). Several distinct cucurbit potyviruses
from Africa are only partially characterized; ex-
tension of their geographical distribution, changes
in cultivars, or changes in growing conditions
could increase the importance of one or more of
them in the future.

Potyviruses have flexuous particles circa 700

to 900 nm long and 12 nm in diameter. Their
genon-le is a unique single stranded RNA mol-
ecule that is translated as a polyprotein that is
subsequently cleaved by their own encoded pro-
teases to form various functional proteins.
Potyviruses are transmitted efficiently by aphids
in a nonpersistent manner. Their host range varies
among the members of the group, some being
relatively wide (such as WMV2) while others are
restricted to only a few species outside the Cucur-
bitaceae (such as PRSV).

Potyviruses are highly variable; a number of
strains differing in pathogenicity, aphid transmis-
sibility, and antigenic properties have been re-
ported for many of them. Potyvirus strains that
have lost their aphid transmissibility can be very
useful for screening for resistance. Indeed, some
have the same pathogenicity as aphid transmis-
sible isolates, but do notpresent the risk of acci-
dental spread by aphids in greenhouses or growth
chambers.

Potyvirus diagnosis is generally based on clas-
sical serological methods (DAS-ELISA, ID-SDS),
although cross-reactions might be observed de-
pending upon the virus strains and the antiserum.
DAS-ELISA diagnostic kits are commercially avail-
able for the most important cucurbit potyviruses:
PRSV, WMV2, ZYMV, WNW-M, and ZYFV.

Papaya ringspot virus (PRSV) (formerly watermelon
mosaic virus 1, WMVV. PRSV causes severe mosaic
and deformations on leaves and fruits of melon,
cucumber, squash and watermelon. Some strains
of PRSV can induce systemic necrotic spots and

Table 4. Virus resistance in watermelon (Citrullus lanatus).

Resistance	 Genetic	 Strain	 Commercial
Virus	 source	 control	 specificity	 cuItivar
Potvvjrus

WMV2

ZYMV

Crinivirus
CYS 1)V

Gcminivirus
WmCSV

P1 494528,' P1 494532'
P1 189316,' P1 189317'
P1 248178,' Egunz
P1 494528,' P1 494532'
P1 482261
Egunz

P1 386015,' P1 386016'

C. lanatus

Unknown	 No

Unknown	 No
Yes

Unknown

Unknown	 No

Unknown	 No

131

Unknown

Unknown
One rcccssive

Unknown

Unknown
C:trz,//,,, colsc,',:th:,,

Resistances in c,>miitcrcial cLIItivrs Ire not alseas's derived from sources described in the literat urc,
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ilsystemic necrosis in some melon cultivars. PRSV
epidemics are common in tropical or subtropical
areas where the wild cucurbit species reservoirs of
the virus are prevalent. Epidemics are occasion-
ally observed in temperate regions such as north-
eastern U.S. or central Europe. PRSV strains have
been differentiated either on a host range basis
(the papaya strain, PRSV-P, infects papaya and
cucurbits; the watermelon strain, PRSV-W, infects
cucurbits but not papaya), or on a serological and
molecular basis (the tigré strain, PRSV-T).

Several other cucurbit potyviruses (WMV-M,
ZYFV and some other only partially characterized
potyviruses from Africa) are biologically related
to PRSV: they share similar host ranges and might
be controlled by the same host plant resistance
genes (Quiot-Douine et al., 1990). They are, how-
ever, now considered as distinct entities. Resis-
tance to PRSV is available in melon, cucumber and
various Cucurbita species.

Watermelon mosaic virus 2 (WMV2). WMV2 has
been reported for more than 40 years in different
parts of the world. WMV2 and PRSV were once
thought to be strains of the same virus; now they
are recognized as distinct entities based on sero-
logical, molecular and biological properties.
WMV2 is probably one of the cucurbit viruses
whose symptomatology varies the most among
cultivars of its host species. It may induce very
severe vein banding, green mosaic, deformation
and plant stunting in some melon, cucumber, and
squash cultivars while it may be almost symptom-
less in others. WMV2 is prevalent in Mediterra-
nean and temperate regions while it is only rarely
detected in tropical areas. Various levels of resis-
tance to WMV2 have been identified in cucumber
(Wai and Grumet, 1995), melon (Gilbert et al.,
1994), watermelon (Gillaspie and Wright, 1996),
and squash. Some of the resistances appear to be
strain specific. A good level of resistance has been

Table 5. Virus resistance in Cucurbita sp.

Resistance	 Genetic	 Strain	 Commercial

Virus	 sourcez	 control	 specificity	 cuItivar

Comovirus
SqMV

Cucuniovirus
CMV

Nepovinis
To 1&SV
TRSV

'tvvirus
(IV\'V

\VM\2

(.CililIll\ rio,
SqLCV

Ed), OKE

PT 176959
Cindcrella
OKE
ECD, FOE, CYL, DIG
Nigerian'

CYL, DIG
Seneca Bitnerhar
Waltham Buttercup"
ECD, FOE, OKE, CVI.

niari
Nigcria'
Ed), FOE
Nigeria'
\ lenina'
Pat Yu"
Ed), FOE
Nigeria'

.\Ienina'
I.

C. moschata

unktiosvn

unknown
2 recessive?
partially dominant
unknown
partially dominant

LU) known
unknown

unknown
recessive
LinkliOwli
Liii known
Monogcnic dominant
unknown
unknowti
Monogenic
partiall y dominant
Monogenic dominant
Monogenic dominant

LlIikflO Wit

iinkiio'.vn	 FILL

LUikI1O\Vn	 WS

VCS

Llnknown
unknown
unknown

Lmknown	 no
tiiiknovn	 110

Unknown	 VCS

tiiikiiovii	 Ill I

unknown
110
	

WS

no
unknown
unknown

no	 scs

no
LIlikllo\Vi1

LllikJio\Vfl	 110

= C nkch,leci.is - C. ,IIn,ril,eziii; E() C. ecuadtwensk, FdA C fc1f?,ha; FOE C. fietrdssiiui CVI = C. cvi oidrata; Did = C. duyitata.

Ii OI iiici.jiI TIIIIi\lFSC Ilot I1\vl\ &M-1 iruii	 otircCs jccribci iii thy Itrtiurc.

• 1)JOSt/),Iifl

I/II1.ViI#IiI -
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obtained in squash and melon using the coat
protein mediated resistance approach (Fuchs and
Gonsalves, 1995; Fuchs et al., 1997).

Zucchini yellow mosaic virus (ZYMV. ZYMV was
the first of a series of cucurbit 'emerging' viruses
which threatened the cucurbit industry in differ-
ent parts of the world in the early 1980s. First
identified in Italyand France, ZYN'W spread within
a decade to the major cucurbit producing regions
worldwide. Recently, ZYMV was reported to have
colonized new regions or islands (Desbiez and
Lecoq, 1997).

ZYMV induces extremely severe mosaic and
deformations on leaves and fruits of all cultivated
cucurbits. In particular, various "bump" shapes
are observed on mature fruits, making them un-
marketable. Economic effect of the virus can be
dramatic, early infections generally leading to a
complete yield loss.

A number of ZYMV variants have been de-
scribed. Some strains may induce a lethal wilting
in melons possessing the Fn gene. Other strains
will induce cracks on the fruits, or mosaic and
hardening of the fruit flesh. One variant of ZYMV
inducing very mild symptoms has been found to
be very efficient in protecting plants against se-
vere forms of the virus. It is now used as a cross-
protecting agent in different parts of the world.

Seed transmission of ZYMV has been reported
to occur at very low rate in zucchini squash.
Attempts to experimentally observe seed trans-
mission of ZYMV have, however, been generally
unsuccessful. This suggests that ZYMV seed trans-
mission is a very rare or erratic event, although it
could well be the means by which it was spread
throughout the world.

Resistance to ZYMV has been found in cu-
cumber, melon, watermelon, Cucurbitci moschata
and wild Cucurhita species. The resistances in
melon and watermelon appear to be strain spe-
cific. A good level of resistance has been achieved
in squash and melon using the coat protein medi-
ated resistance approach (Fuchs and Gonsalves,
1995; Fuchs et al., 1997).

Watermelon mosaic virus Morocco strain (WMV-M).
WMV-M was first described in Morocco as a strain
of WMV2. Serological and molecular studies re-
vealed later that it is a distinct member of the

potyvirus group. WMV-M and closely serologi-
cally related strains are widespread in the African
continent where it may be one of the most damag-
ing viruses in cucurbits. Symptoms are very se-
vere in cucumber, squash and watermelon, and
include mosaic and deformations in leaves and
fruits. In most melons cultivars, symptoms are
systemic necrotic spots that are often followed by
a complete collapse and necrosis of the plant.

WMV-M has been reported from Southern
Spain (Quiot-Douine et al., 1990) and more re-
cently from Italy (Roggero et al., 1998). If this virus
continues to spread in the Mediterranean basin it
could become a major threat to cucurbit produc-
tion in that region. Resistance to WMV-M has
been observed in cucumber (Kabelka and Grumet,
1997) and melon.

Zucchini yellow fleck virus (ZYFV. ZYFV is quite
widely spread in the Mediterranean basin, al-
though it is not very common in cultivated cucur-
bits. In contrast, ZYFV is commonly found in the
wild cucurbit Ecbaulium elateriurn. Occasionally,
severe ZYFV epidemics have been reported in
cucumber or watermelon where it induces mosaic
symptoms and stunting. In squash, symptoms on
leaves are yellow spotting that are much less
severe than the symptoms caused by other
potyviruses, but fruit deformations are often ob-
served. In melons, symptoms are limited to a few
systemic necrotic spots. Resistance to ZYFV has
been found in cucumber (Gilbert-Albertjini et al.,
1995) and melon.

Other potyviruses. Melon vein banding mosaic
virus (MVBMV) is a distinct potyvirus reported
from Taiwan where it seems to have a limited
distribution (Huang et al., 1993). It induces severe
mosaic symptoms in melon, squash, cucumber
and watermelon. No resistance has been described
so far for this virus.

Telfairia mosaic virus (TeMY) is prevalent in
Telfairia occiden ta/is in Nigeria. TeMV has not yet
been reported in other cucurbit species, although
some could be infected following mechanical in-
oculation.

Clover yellow vein virus (C1YVV) induces
pronounced yellow spotting in various C. pepo
genotypes including 'Yellow Summer Squash'
and 'Patisson'. It does not seem to have a signifi-
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cant overall incidence on fruityie1d in .cu,curbits.
Since ClYVV has a worldwide distribution, spe-
cial care should, however, be paid not to inadvert-

- ently introduce' susceptibility.to C1YVV during
. the course of breeding programsn r

•	 CucurbitaphidborneyellóWsViruS (CABYV). CABYV
• is comprised of smallisométric particles circa 25
ñm in diärnetër with asingle stranded RNA.ge-
nome'. It ws'the.first luteovirus'describedsnatu-
rally infecting ! cucurbits; . and oneof several vi-
ruses inducing yellowing symptoms in these crops
(Lecoq et al., 1992) CABYV has a phloem-limited

. distribution in plants. Typical symptoms in cu-
-. cumber, melon, squash and watermelon include

yellowing and thickening of the older leaves.
There is a wide range of symptom intensity in
susceptible cultivars that varies from a yellowing
limited to only a few older leaves •toa-complete

• discoloration of the plants. 'Although €ABYV
• doesn't 'affect -fruit quality . it may significantly
-reduce fruit production. / -(\. '.i ri

• . CABYV is transmitted in a persistent manner
by at least two aphid species (Aphis gossypii and

;Myzus persicae).1t also infects a number of weeds
that might be reservoirs of thevirus. GABYV has
been found to-be ;widespread'throughout the

- world. In France, epidemics were observed to be
• very rapid, probably due to the' abundarce of

vector and virus sources......-.
"ReMstance has been found in cucumber, melon

rand squash (LecOq et al. 1994). i

Viruses transmitted by ihitf1ies'
:. CRINtvLRusEs. Threeviruses whichbe1ong to

the new Cririivirus Genus;C1Osteroviridae Fam-
ily, infect greenhouse ànd/onfield growri'cucur-
bits (Wisle'r et al.,,i1998)' These arebeet:pseudo-
yellows virus (BPYV), cucurbittyellow.:stunting
disorder virus (CYSDV) and'lettuceiinfectious

• yellows virus (LIYV). The basis forthis newenus
is the presence of long, highly flexuous partides, a
linear, positive sense single strandedRNA .ge-

- nome that is divided into tvo mOlecules, and
transmission by whiteflies in a semipersistent
manner. A feature that is unique to all members of

• the Family Closteroviridae described to date is the
',.presence of the heat shock protein HSP7O.
-Closteroviridae express their large genomes-via
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polyprotein processing, translational frame-
shifting, and production of multiple subgenomic
RNAs.

Criniviruses induce pronounced interveinal
yellowing symptoms,igenerally limited to the
older, leaves. These symptoms are usually con-
fused with physiological and/or nutritional dis-
orders, natural senescence, and even pesticide
phytotoxicity. For this reason, crinivirus infec-
tions are difficult for growers, diagnosticians, and

,researchers to recognize. A characteristic feature
that distinguishes infection by this group of vi-
ruses from the disorders-listed above is the thick-
ening and brittleness of symptomatic leaves.
Leaves -of: plants "snap" when they are
crushed in one's hand. Diagnosis of and distinc-
tion between criniviruses infecting cucurbits is
based on 'several' different factors. Nucleic acid
probes are available to BPYV,CYSDV, and LIYV.
Reliable antisera have been produced to LIYV, but
not to-BPYV or.CYSDV. Most of the criniviruses
have ben found in the past eight years, and more
are being found. It is, therefore, important to

•'verify the results 'from molecular. or serological
diagnosis with biological tests that require inocu-
lation by whiteflies, both Beinisia tabaci and
Trialeurodes sp. of specific, diagnostic indicator
plants.' :i.	 .

• ,Beet pseñdo-yel1ow virus (BPYV). BPYV was the
i first whiteflytransmitted cririivirus described. The
greeflhousewhitefly (Trialeurodes vaporarioruin) is
the only known vector, and it is one of the most

- impOrtant greenhouse pests throughout the world.
BPYV persists in the insect vector for seven days.
In addition to cücurbits, BPYV has a wide host
range, which includes ornamentals, vegetable

.crops, andl weeds. Since its first description in
CaIifornia,-'BPYV. has subsequently been 4 found

ri.throughout the •wor1d.'his is- ,likely due to-the
• international- ' movement , of , susceptible hosts, in

• particular ,.,Vegetatively'  propagated' greenhouse
ornamentals, and their resident vectors. BPYV has

-not ,,beèh wells characterized, and althoughthe
particle length is within the range of crinivirüses
(700 to 950: nm),.and its HS1170! gene has been
sequencedr twoRNA- molecules -have yet to be
identified. (Wisler.et al.-, 1998).

BPVr has 'been responsible for significant
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'economic losses in cucurbit crops in North by B. tabacibiotypeB. Jn contrast toC ySDV which
:America, Europe, and Asia. The increase in green- has been found only in the Middle East and Spain,
house production of melons and other vegetable LIYV was primarily restricted to the desert south-
crops has provided prirneconditions for the green- west U.S. Like BPYV, LIYV has a wide host range
house whitefly vector in areas where it would not that includes 45 species in 15 plant families.
normally survive, and for spread of BPYV. Symp-	 I LIYV is considered to be a major virus of
tôms of BPYV in cucurbits appear first as chiorotic, cucurbits, lettuce and sugarbeets. The infection of
angular spots on older leaves. The interveinal 	 Fall melon crops was a significant factor in the
areas of leaves eventually become completely LIYV epiphytotics that occurred in the winter
chloroticin contrast to the veins that remain green.	 lettuce crops in the desert southwest U.S. in the
As infection progresses, the plants become pro- 	 1980s. Fall melons in this region, which are planted
gressively more yellow, although young leaves beginning in July through mid-August, served as
appear normal.. 	 a major reservoir for LIYV for the Winter lettuce

Several other viruses have been reported to crops, and provided the link between old and new
infect cucurbits that may be the same or similar to lettuce crops. Melons and cotton were the major
BPYV: muskmelon yellows virus, cucumber yel- hosts for increasing the size of the whitefly popu-
lows virus, cucumber chlorotic spot virus, melon lation, while melons were the major source of
yellows virus, and cucumber infectious chiorosis LIYV for lettuce.
virus. Further studies are needed to determine if	 The Bemisia populations changed from bio-
these are truly different viruses or strains 0f py	type A to biotypeB during the 1980s and early

Cucurbit yellow stunting disorder virus (CYSDV.. A 4 990s in the sunbelt states of the U.S., and through-
disease of cucurbit crops induced by CYSDV was out tropical and subtropical zones worldwide. In
first detected in the United Arab Emirates in 1982, recent years, LIYV has not been found to any
but is now widespread in the Mediterranean Ba- significant degree in the desert southwest U.S.
sin (Celix etal., 1996; Hassan and Duffus, 1991). due to the predominance of the B biotype along
CYSDV causes symptoms indistinguishable from with its poor efficiency in transmitting LIYV. In-
those caused by BPYV. CYSDV can be readily stead, lettuce chiorosis virus (LCV), another
distinguished from BPYV by differences in vector crinivirus which is transmitted very efficiently by
specificity, time of retention in the whitefly vector, 	 Biotype B, has been found increasingly in these
host range, and molecular probes.	 areas. The important difference in the epidemiol-

CYSDV is transmitted efficiently by B. tabaci ogy of LCV is that, unlike LIYV, cucurbits are not
biotype B and relatively ineffhiently by B. tabaci	 a host for LCV (Wisler et al., 1998).
biotype A, and not at all by the greenhouse white-	 In spite of this atypical shift in vectors popula-
fly. CYSDV has persisted in its vector for nine days tions, LIYV caused major economic losses due to
in serial, daily transfers. Although the greenhouse infections of lettuce, sugarbeets and melons. In
whitefly is found throughout the world, CYSDV 1981 alone, the losses were estimated to be $20
has to date only been found in the Old World. This million. Resistance has been identified in melon
situation could, however, change. 	 (McCreight,i 998): 	 - -'

Sources of resistance to CYSDV have been •' GEMINIVIRUSES. -Whitefly transmitted
identified in melon (Gomez-Guillamon et al., 1995) geminiviruses infecting cucurbits belong to the
and watermelon(Hassan et al.,.1991). 	 subgroup. III'J bipartite members of the

Lettuce infectious yellows virus (Lfl'%'.-A distinct Geminiviridae...Thè 'geminate particles measure
virusof lettuce, sugarbeet, cucurbits, and other 20 x 30 nmand contain a circular single-stranded
weed and crop hosts, LIYV was found, in the DNA molecule consisting of distinct A and B
desert regions of California and Arizona in 1981 components Squash leaf curl virus (SCLV) and
(Wisleret al., 1998). LIYV is type member of the watermelon chiorot-ic stunt virus (WmCSV) are
Genus Crinivirus. It is transmitted relatively effi- 	 transmitted by B. tabaci in a persistent manner.cientlybyB. tabaci biotype A, but very inefficiently	 The acquisition period for whiteflies is several
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hours, followed by a latent period of 12 or more h.
After that, the whiteflies can transmit for several
weeks, approidmátely the life of the insect.

Unlike the criniviruses, .émiñivirusès pro-
duce distinctive symptoms with a bright yellow
mosaic or mottle and leaf curling, severe stunting,
fruit distortion, and yield reduction in susceptible
cultivars.

Squdsh leaf curl virus (SLCV). The original isolate
of SLCV described from California infects beans
and squashes only. Watermelon Curly mottle vi-
rus (WCMoV), which may be considered to be a
strain of SLCV, has an expanded host range that
includes melons and cucumbers (Brown et al.,
1995).

Serological and nucleic acid hybridization
assays indicate some cross-reactivity between
SLCV and other group III geminivinfsesi but riot
with members of subgfoi4p 1 or II which are
leafhoppeI-transmitted. Molecular . probes have
been used to -diagnose SLCVfrom field samples,
and a monoclonal antibody has beCn produced
which is broadlyreactivewith SLCV but reacts
with some other whitefly-transmitted
geminiviruseS.

The restricted host range of SLCV permits con-
trol of it by iñplemeñtation of a host-free period and
removal of weed reservoirs of the virus and the
whitefly vector. Tolerance and resistance to SLCV
has been desCribed in several cucurbit species includ-
ing Cucuthita rnosc1uta, C. ficifolia, and Luffa sp. Pre-
liminary studies indicate that réSi5tancedeveloped
C. pepo is controlled by sirile, dominant gene
(Montes-Gàrcia et al., 1998).

Watermelon chlorotic stunt virus: (WmCSV).
WmCSV, first described in Yemen, is now causing
devastating epidemics in other countries of the
Red Sea region (Jones et al., 1988). Syrnptoinsàre
very severe in watermelon and melons. Once
infected, watermelon plants develop onIyyellow
leaves and have very short: internodes, : which
gives them a characteristic look as a result of the
old green leaves in the center of the plant and
completely yellow and stunted young shoots at
the periphery. Infected plants produce only a few
misshapen fruits. In melons, symptoms area bright
yellow mosaic or mottle, leaf deformations and
stunting.

WmCSV can be readily detected by DAS-
ELISA or by acid hybridization assays (such as the
'leaf squash' technique).

1Different levels of tolerance to WmCSV have
been observed in Citrullus lanatus landraces from
Sudan '(Omara et al., 1997).

CUCUMBER VEIN YELLOWING VIRUS (CVYV). CVYV
has not yet been assigned to any plant virus genus.
CVYV has rod-shaped particles circa 750 nm long
and has been reported to have a double stranded
DNA genome. The virus is transmitted by B. tabaci

in a semipersistent manner. CVYV is common in
the southeastern part of the Mediterranean Basin.

(. CVYV infects several cucurbit species, but it is
motIy reported frOm cucumber in which it causes

• severe vein clearing on young leaves and yellow-
.ing on the older leaves. Several commercial Cu-

cumber cultivars are resistant to CVYV.
SQUASH YELLOW LEAF CURL VIRUS (5YLCV). SYLCV

has been recently described in the Sultanate of
Oman (Zouba et al., 1998). SYLCV is transmitted
by B. tabaci in a semipersistent manner, and has
• properties similar to those of potyviruses: Size and
• shape of particles (flexuous particles circa 700 to
750 nm long) and typical pinwheels cytoplasmic
inclusions. . In that respect, SYLCV could be a
tentative new member of the Ipomovirus Genus.
SYLCV infects only squash and Luffa sp., where it
induces yellow spots, diffuse veinal yellowing
and curling of young leaves.

NEW-

Viruses transmitted by leafhoppers,
beetles and thrips

BEET CURLY TOP GEMINIVIRUS (Bcr')BCTV has
geminate particles circa' 20 rim x 30 nm and a
monopartite single stranded DNA genome. BCTV

'is transmitted in a persistent manner by leafhop-
- pers (Circulifer sp.). It causes severe diseases in
cucurbits. Symptoms include leaf curling; distor-
tion, and yellowing. lnfëctèd plants are stunted
and fruit rhalformed BCTV bccurs in the eastern
Mediterranèan Basin and in the U.S., where it once

• was major problem iii cucurbit crops. Probably
due to a better general ontrol of the virus in other
crops (such as sugarbeet), BCTV seems to have
now a lower economic'importance in cucurbitS.
Different susceptibility levels were reported in
squash and melons.
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SQUASH MOSAIC COMOVIRUS (sQMv). SqMV has
isometric particles circa 30 nm in diameter, and a
divided genome consisting of two single stranded
RNA molecules. SqMV is transmitted by several
beetle species, mechanically during pruning op-
erations, and also by the seeds. Seed transmission

-is probably the means by which SqMV has spread
throughout the world. Although it infects many
cucurbit species, SqMV is economically impor-

• tant mostly in melon and squash. Symptoms on
leaves include mosaic, vein banding and defor-
mations. Mosaic may be also very severe on fruits

.'of some melon cultivars. Two major groups of
strains have been differentiated based on their
biological, serological, or seed transmission prop-
erties.

SqMV can be easily detected by serological
methods (DAS-ELISA, SDS-JD). Detection of
SqMV in seed lots by DAS-ELISA is possible, but
does not correlate well with the actual seed trans-
mission rates. Indeed, SqMV seed transmission
occurs through embryonic infection; DAS-ELISA
can detect the virus in teguments or papery layers
of individual seeds while their embryos are not
infected. DAS-ELISA diagnostic kits are commer-
cially available for SqMV.

Production of virus-free seeds will prevent
early contaminations in the fields and limit virus
spread. Some melon and squash cultivars develop
only mild symptoms, but these cultivars should
not be used in breeding programs if not associated
with the absence of seed transmission. Hypersen-
sitive resistance has been observed in the wild
species Cucumis metuliferus. Coat protein medi-
ated resistance has proved to be efficient in melon.

WATERMELON SILVER MOTTLE TOSPO VIRUS (wsMv).

WSMV has quasisphencal enveloped particles 75
to.100 nm in diameter, containing three linear
single stranded RNA molecules (Yeh and Chang,
1995; Yeh et a!;, 1992). Tospovirus genomic orga-
nization is complex: the large RNA (L-RNA) has a
negative polarity while the two others (S-RNA
and M-RNA) use ambisense coding' strategies.
WSMV is transmitted in a circulative manner.by
Thrips palmi. By analogy with what is known for
tomato spotted wilt virus (TSWV), it is anticipated
that WSMV could multiply in its vector, and that
the virus might be only acquired at the larvae
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stage. This has yet to be confirmed for WSMV.
WSMV has been described in Japan, Taiwan and
possibly Brazil. Symptoms in watermelon include
severe stunting, mottling, yellow spotting and
deformation of leaves, tip necrosis, and dieback.
Fruits are malformed and show silver mottling.
Severe epidemics have also been observed in
melon. No resistance has yet been described for
WSMV.

Viruses transmitted by nematodes
Several distinct nepoviruses infect cucurbit

crops. They have small isometric particles circa 28
nm in diameter, and a divided genome consisting
of two single stranded RNA molecules. These
viruses generally have a broad host range outside
the cucurbits that includes annual and perennial
plants. Each is transmitted by a few specific nema-
tode species; some are also transmitted by seeds.
Generally, due to the limited mobility of their
vectors, nepoviruses will not develop rapid epi-
demics, generalized to a whole region. Epidemics
can occur and be drastic if cucurbits are grown in
soils that are very highly infested by the vectors.
Strains have been differentiated based on their
biological and serological properties.

Diagnosis can be readily achieved through
classical serological methods (DAS-ELISA, stan-
dard-ID). DAS-ELISA diagnostic kits are avail-
able for the most important nepoviruses infecting
cucurbits.

TOBACCO RINGSPOT VIRUS (TRsv). TRSV has
mostly been reported to infect cucurbits in North
America where it is endemic. TRSV has, however,
been reported in other. crops in different parts of
the world where it spread probably through dis-
semination of infected plant material. It is trans-
mitted by the dagger nematode and related-spe-
cies (Xiphinema sp.). ,TRSV is also seed transmitted
in melon and cucumber. Symptoms are severe on
newly infected plants (bright yellow mosaic and
leaf distortion), then they tend to become milder
with a recovery stage. Fruit are distorted and their
production isreduced.,

Resistance to TRSV has only been reported in
cultivated and wild Cucurbita sp. and in Cucurnis
anguria.

TOMATO RINGSPOT VIRUS (T0RsV). ToRSV has a
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similar distribution to TRSV. It is also transmitted by -
the dagger nematode and related species (Xiphinema

sp.). Symptoms areeverë parficularly :oI%quash.
Plants ièact firstith a bright yellowi m6saic that is
folloed by recovery stage.Fruit productionis
reduced andof po9rcivalitY. Symptoms are milder
iii other cucurbi. ResistanetoToRSV has only
beenrepOr'ted in ji1dCicurbita sp3

OTHER NEPOVIRUSES. Tomato black ring virus
(TBRV) is transmitted by Longidorus sp. It was
reported in cucurbitohly in Europe here it has
• been occasionally associated with eere diseases
in squash and cucumber. Artichoke eilp riiigspot
virus (AYRSV) has been shown to cause a severe
stunting and yellow mosaic in cucumber. AYRSV
has been reported only from Greece and Italy.

• Viruses transmitted by fungi.
MELON NECROTIC SPOT CARMOVIRUS (MNsv).

' MNSV has mall isometric particle circa 30 nm in
• diamèteratid a single stranded RNA molecule.
:MNSV is transmitted by the chytrid fungus,

U Olpidiuni bornovanus; the viru's being carried exter-
nally' by the' 'fun 	 zoospOres. Altérriàtively,

• MNSV cah be ' trans mittdd inechnicall' through
pruning operationsand posibly ' by some chew-

'. ing insects. MNSV sas found in the U.S:, Europe,
the Mediterrar nBasinand Japan; it has a host

-rangemot1ylimiedtocucurbit5. MNSV hasben
reported naturally infecting melon, cucumber and.
watermelon. Typical symptoms are systemic ne-

" crotic spots, stralS'on petioles and stems that
r may eveiitually1adto thepläPt ieciosis. The

intensity Of vries éatl according to
- the cültivarâiud theseso.riIn' Eiirdpe themdre
- severe symtbnar often observed in spring

and fall crops. Strain.sT have been 'differentiated on
symptomatologimYdf serOlogicLal bsis

Recently, MNSV lia eiIshown to be seed
transmitted (Cartipbell etal.,' 1996): The' mecha-
nism involved has ben'allédvetOr-aS5isted

• seed transmission. The virus is carried on the seed
(probably in the seed coat or papery-layers),re-
leased in the soil during germinationac4uired

• and then introduced to the plant byzoos3ores of
the fungus that are present in the potting soil lised
for the seedlings. Since 0. bornovanus is a very
resistant and ubiquitous fungus, this original seed
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transmission process may be very efficient, and
has probably contributed to dissemination of
MNSV throughout ,the world. MNSV diagnosis
can be easily achieved through biological assays
(local lesions in melon or cucumbers within 7
days) or by DAS-ELISA. DAS-ELISA diagnostic
kits are commercially available for MNSV. Resis-
tance hasibeen identified in melon.

TOBACCO NECROSIS VIRUS (Trsrv). TNV has small
isometric particles circa 26 .nm in diameter; its
genome is a single stranded RNA molecule. TNV
is transmitted bythe chytridfungusO. brassicae

' and .is carried externally by the zoospores. TNV
has a very wide experimental host range, and is
present orldwidè. It has been found occurring
naturally in cucumber and squash grown in glass-
houses or plàtic tuhnels. Symptoms consist of ne-
crotic spots'that ñiay coalesce and'lead to the com-
plete drying of the leaves or of the whole plant.

'.TNV diagnosis can be easily achieved through
- biological assays (local lesions 'in various hosts

within Ito 2 days) or by DAS-ELISA. DAS-ELISA
diagnostic kits are commercially available for TNV.

1' Noresistance has been described in cucurbits.
On-HER vIRUSES TRANSMITTED BY FUNGI. Several

other cucurbit viruses have been shown to be

transmitted by 0. bornovanus. .They belong either
---to the ,,tombusvirus or carmovirus groups. They
'-"generally have limited areas of distribution, and
L. onl occasionally db thej cause damage to crops.
' If the seed Ttránsrnissiofl mechanism described for

MNSV is also efficient for these viruses, larger
dissemination coiild eventually occur through

- 'gerinplasm exchnge. 'ATh these viruses induce
nkrotic syinptons inilarto those observed for

.( MNSV or TNV. Cucumber necrosis tombüsvirus
• (CNV) has been reported ,, iiCanada/UGirber
leaf spot" ca rmovirus (CLSV)in Europe; uash

•nerOis virus (SqNV) in Brth1T and cucumber
'soilborne carmovirus (CiSBV) in Lebanon. : TheSe
viiuseàFe transmitted only b some host specific
sfrirs of 0.bornozanus cept €NV which has, as
MNSVJ been trans mitthd by' all 0. booi'anU5
trains tested so far (Cthipbell el al., .1995)'. No

iesistan&hàs been described for these viruses.
•	 •	 I4'1L''	 '	 '.	 --

\iruses with unknown vectors
•	 •	 • CUCUMBER GREEN MOTTLE MOSAIC TOBAMOVIRUS
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(cGMJIv). CGMMV has rod-shaped particles circa
300 nm long and 18 nm in diameter, and a single
stranded RNA genome. It is easily transmitted me-
chanically (handling of the plants, leaf contact),
thróugh soil orsubstratecontamination, and byseeds
incilcumber, watermelon and bottlegourd. CGMMV
contamination of the seeds seems to be mostly exter-
nal. The virus can be eliminated from seeds by dry
heat treatment at 70 °C for 3 days without impair-
ment of seed germination rates. CGMMV induces
mosaic of varying intensity on the leaves; fniitare
often reduced in size and deformed. CGMMV has
been reported in Europe and Asia.

Control of CGMMV includes the use of virus-
free seeds, careful cleaning of the greenhouse struc-
ture before planting, and disinfection of pruning
tools. CGMMV can be easily detected by standard
serological tests. DAS-ELISA diagnostic kitsare com-
mercially available for CGMMV. No resistance has
been found in cucumber, except for some genotypes
that do not develop foliar symptoms. Resistance has
been found in melon and in C. anguria

MELON RUGOSE MOSAIC AND CHAYOTE MOSAIC

TYMOVIRUSES (Mrvrv AND CHMV). MRIvIV and ChMV
are recently described tymoviruses for which no
vector has yt been identified. They have isometric
particles circa 30 nm and a single stranded RNA
genome. They have at present restricted distribution
areas: MRSV being reported only from the Red Sea
region, and ChMV from Central America (Hord et
al., 1997). MRIvIV has a restricted host range within
the cucurbits, and reaches very high titers in infected
plants: MIRN4V and ChMV produce severe mosaic
symptoms in their natural hosts, melon and
Secchithn edule, respectively. MRMV is seed trans-
mitted in melon (Mahgoub et al., 1997).

MRMV and ChMV can bt èasil. detected
thr&ih standrdèrOlogical Ørocedures (DAS-
ELISA, standard ID) .r Résistánce to MRMV has
beel-i found inmèlbn (Máhgoub et al., 1997).

CuCuMBER TOAD SKIN RHABDO VIRUS (crsv). CTSV
has nveloped, bullet-shaped virus particles circa
lOOto 400 nm long and 50 to 100 nm in diarheter.
It coulä be a strain of eggplant mottled dwarf virus
(EMDV). CTSV induces very severe vein yellow-
ing, leaf curling and plant stunting in cucumber.
Fruits show everem'osaic, cracks and deforma-
tions. Attempts to transinit the CTSV by aphids have

failed. CTSV occurs in the Mediterranean Basin. It is
relatively widespread, but it generally infects only
few plants (less than 10 %) within a field. CTSV has a
limited host range within the cucurbits, but relatively
wide host range outside of cucurbits.

MELON OuRMIA ouRrvflAvmus (ouMv). OuMV is
the type member of the OUrmia'rirus Genus. It was
isolated from a melon plant from Iran, the only
country where this virus has been reported to date.
Particles have a badilliform shape 30 to 37 x 18 nm,
and contain three single stranded RNA molecules.
OuMVinduces chiorotic spots and irregular ringspots
in melon leaves. It infects several Cucumis sp., and has
a wide host range outside of cucurbits.

Conclusions
This overview on viruses infecting cucurbits

highlights the diversity and sometimes the severity
of the diseasës caused by this complex pathosystem.
Cuurbit viruses are transmitted by vectors that are
strikingly different in their ecology and ability for
dissemination of viruses. Understanding virus—vec-
tor relationships is of majOf importance not only for
monitoring the progress of epidemics, but also for
developing prophylactic control measures.

Cucurbit virus control methods can be divided
according to their specificities. Some are applicable to
all viruses (use of virus-free seeds or healthy seed-
lings, elimination of virus or vector reservoirs), other
will be efficient for viruses that have the same vectors
and virus—vector relationships (plastic mulching, in-
sect-proof nets),and some willbespecific for only one
virus (cross protection).

Breeding for resistance is highly specific, and
may sometimes be efficient for only some strains
of one virus. Important effOrtshave been made in
recent years by viiologists aid plant breeders to
identify sources of rèsistàncein germplasm collec-
tiOns. It is worth noting that some resistances are
used by'-  plant breeders and resistant cultivars are
reléãsed withOut pUblicationof the source or the
inheritance of . i-eistanc:' FOr instance, many
C\TYV-resistant'cucumber cultivars have been
released in the Middle East but there is no descrip-
tion Of this resistance.

Iiiterestingly, in many instances a single acces-
sion has provided resistances to several different
viruses. This is the case in melons where P1414723 is
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resistant to CABYV, PISV, ZYMV and A. gossypzi

(Pitratetal., 1996),insquashwhereCUcurbita rnoschata

Nigeria' is resistant to CMV, PRSV, WMV2 and
ZYMV (Provvidenti, 1986), and in cucumber where
'Taichung Mou Gua' is resistant to CABYV, CMV,
PRSV,WMV2, WMV-M, ZYFV and ZYMV (Gilbert-
Albertini et at, 1995; Kabelka and Grumet, 1997;
Lecoq et al., 1994; Provvidenti, 1986).

Some of the resistances to potyviruses are
conferred by one gene or very closely linked genes:
resistance to ZYMV, ZYFV and WMV-M in the
cucumber 'Taichung Mou Gua', and resistance to
ZYMV and WMV2 in C. rnoschata 'Menina'. In
other cases, linkages are observed between genes
involved in resistance to different viruses: for
instance CMV and MNSV in melon. The genetic
maps of cucurbits are not yet accurate enough to
determine if there is a linkage or only one gene,
particularly in the case of oligogenic resistances.
Progress must be made in this area. Where it is
confirmed that some genes are involved in the
control of very different viruses, they should be
cloned in order to permit study of their functions.

Screening efforts should be continued to di-
versify resistance genes in order to provide high
levels of resistance and prevent selection of more
virulent strains. If sources of resistance are quite
abundant for aphid-borne viruses, they still re-
main scarce for viruses transmitted by other vec-
tors. The increase in the number of economically
important cucurbit viruses emphasizes the need
for breeding for multiple resistance (Kyle, 1995).

Transgenosis provides a new avenue for cre-
ating virus-resistant cultivars. Different strategies
have been proved promising in cucurbits: coat pro-
tein mediated resistance and ribozvrnes. The possi-
bility of creating transgenic plants with multiple
virus resistance is particularly interesting for cucurb-
its in which mixed infections often occur in open
fields. In the future, classical breeding and biotech-
nology will probably combine their efforts to con-
struct composite resistances that provide resistance
to a broad spectrum of viruses and be more durable.

Some cucurbit viruses (the 'classics') have
been recognized for some time as and still are
major cucurbit pests. Such are CMV, PRSV and
WMV2 on a worldwide basis, or TRSV, BCTV and
MNSV in certain countries. Other viruses (the

'emerging') have appeared as major problems
only recently, and have spread rapidly in the
crops. Such are ZYMV or BPYV at a worldwide
level or LIYV, CYSDV or SLCV at a regional level.
The severity of the symptoms caused by these
viruses rules out the possibility that they might
have been present in the crops but unnoticed
before their discovery. The hypothesis of a 'de

novo' sudden occurrence of these viruses, after a
recombination event for instance, has not been
proven for any of these viruses. More likely is the
possibility that these viruses were already occur-
ring in restricted ecological niches, where they
remained unnoticed. They might have spread
after their accidental introduction into important
cucurbit growing regions or after the expanded
distribution of their vectors. Changes in cultural
practices, and in particular the development of
protected crops (plastic tunnels) may offer more
facilities to viruses or to their vectors that permit
them to reach high populations year-round.

Some viruses presently having restricted geo-
graphical distributions have the potential to be-
come widely spread if they have an efficient vec-
tor and good ecological fitness. Such is the case for
WmCSV, which is presently limited to the Red Sea
region; it might spread in the coming years to the
whole Mediterranean Basin region where B. tabaci is
prevalent. This occurred with tomato yellow leaf curl
geminivirus in tomato, and CYSDV in cucurbits
during the last decade. WMV-M, which is presently
spreading in the Mediterranean Basin, could also be
as 'successful' as ZYIVIV was in the early 1980s.

These considerations emphasize the need for
increased work on virus diagnosis, including for
those viruses that are not yet widespread. In par-
ticular, it would be beneficial to have a better
knowledge of the viruses that occur in centers of
origin and diversification of the major cucurbit
species where some of the future 'emerging' cucurbit
viruses may already occur. International cooperation
for production and exchange of antisera or molecular
probes is essential in order to conduct regular surveys
to keep the knowledge of the local virus pathosystem
compositions up to date. An efficient international
cooperation and the development of simple diag-
nostic methods (DAS-ELISA, ID-SDS) contrib-
uted greatly to the identification of ZYMV on a
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worldwide basis within a few years. The develop-
ment of commercially available DAS-ELISA kits
provides a means to develop more accurate evalu-
a tions of the virus situations indifferent countries,
and will aid virus resistance breeding programs.
There are still major viruses for which efforts have
to be continued to develop simple serological
diagnostic methods.

There is also a need for a better understanding of
the viral pathogenicitydeterminantsand ofthemecha-
nisms of virus evolution. This knowledge will permit
us to elucidate virus resistance mechanisms at the
molecular level. It will also contribute to understand-
ing the processes leading to the occurrence of new
virus strains able to infect resistant plants. Alto-
gether, this will help to evaluate durability of
newly found or created resistance genes, and in
the future, will contribute to construction of 'com-
posite' resistances that will not be easily overcome
by 'emerging' virulent virus strains.
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